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PREFACE 

T h i s  Repor t  p r e s e n t s  t h e  s a l i e n t  r e s u l t s  o f  a c o n t r o l l e d  exper imen t  

i n  man-computer p rob lemso lv ing  , and d i s c u s s e s  t h e i r  c o n n e c t i o n s  t o  re- 

l a t e d  exper imen t s  and t o  g e n e r a l  problems i n  e v a l u a t i n g  computer sys tem 

performance.  T h i s  a n a l y s i s  was one of a  group of computer sys tem ar-aly- 

s i s  and s i m u l a t i o n  s t u d i e s  sponsored  by t h e  N a t i o n a l  A e r o n a u t i c s  and 

Space  A d m i n i s t r a t i o n ;  a  summary of t h e  o v e r a l l  r e s e a r c h  e f f o r t  i s  g iven  

B .  W .  Boehm, Computer Systems Analysis Methodology: Studies 
i n  Measuring, Evaluating, and Simulating Computer Sys terns, 
The Rand C o r p o r a t i o n ,  R-520-NASA, September 19 70.  

D e t a i l e d  r e s u l t s  of t h e  o t h e r  component s t u d i e s  a r e  r e p o r t e d  i n  

N .  R .  N i e l s e n ,  ECSS: An Extendable Computer System Simulator, 
The Rand C o r p o r a t i o n ,  RM-6132-NASA, Februa ry  1970.  

R. A. Watson,  Computer Performance Analysis : Applications of 
Accounting Data, The Rand C o r p o r a t i o n ,  R-57 3-NAsA/PR, April 
19 71.  

T .  E .  B e l l ,  Computer Performance Analysis: Measurement Objectilies 
and Tools ,  The Rand C o r p o r a t i o n ,  R-584-NASA/PR, Februa ry  1971, 

T h i s  Repor t  s h o u l d  be  of  i n t e r e s t  t o  r e s e a r c h e r s  and computer s y s -  

tem d e s i g n e r s  and managers concerned w i t h  problems of man-comput er  

i n t e r a c t i o n .  





-v- 

SUMMARY 

An e x p l o r a t o r y  i n v e s t i g a t i o n  t e s t e d  t h e  e f f e c t s  of f o r c e d  tempora.1 

l o c k o u t  i n t e r v a l s  on u s e r  performance i n  an i n t e r a c t i v e  man-computer 

problemsolving s i t u a t i o n .  Twenty s u b j e c t s  performed a p l a n n i n g  task us- * 
i n g  t h e  JOSS i n t e r a c t i v e  computer sys tem a s  a  decis ionmaking a i d .  I n  the 

l o c k o u t  c o n d i t i o n s ,  t h e  s u b j e c t ' s  t e r m i n a l  was mechan ica l ly  locked o u t  of 

t h e  sys tem f o r  a  s p e c i f i e d  l e n g t h  of t i m e  a f t e r  each  t r i a l ,  i . e , ,  after 

h e  had r e c e i v e d  a c u r r e n t  set of r e s u l t s .  

I n  g e n e r a l ,  t h e  s u b j e c t s  hav ing  a 5-min l o c k o u t  p e r i o d  a f t e r  each 

t r i a l  n o t  on ly  ach ieved  b e t t e r  s o l u t i o n s  t o  t h e  problem t h a n  d i d  the con- 

t r o l  (no l o c k o u t )  group,  b u t  t h e y  a l s o  used f a r  less computer t ime  and 

less t o t a l  working t i m e .  A  l o n g e r  l o c k o u t  p e r i o d  (8 min) appeared t o  be  

d i s r u p t i v e ,  e s p e c i a l l y  f o r  more exper ienced  s u b j e c t s .  

Other  f i n d i n g s  s u g g e s t  t h a t  self- imposed r e s t r a i n t ,  such  as that re- 

s u l t i n g  from a r e s t r i c t i v e  charge  a l g o r i t h m ,  can  a l s o  improve problem-, 

s o l v i n g  e f f i c i e n c y ,  and t h a t  t h e  u s e r s '  a c c e p t a n c e  of t h e  sys tem i s  not  

n e c e s s a r i l y  a  v a l i d  p r e d i c t o r  o f  sys tem e f f e c t i v e n e s s .  

* 
JOSS i s  t h e  Trademark and S e r v i c e  Mark of The Rand C o r p o r a t i o n ,  
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I. INTRODUCTION 

During the next few years, the cost of computer time will further 

decrease, more nonprogrammers will demand direct access to computers, 

and computers will be used increasingly to augment human problemsalving 

and decision processes. Therefore, future systems must be designed to 

utilize the user's time more efficiently. 

Although many systems have been designed expressly to augment human 

thought processes, the designs are based less on data than on some mix- 

ture of art and tradition. Sackman [1,2] and Gold [3] have reviewed % 

small group of pioneering studies that sought to add experimental evi- 

dence to the philosophical arguments on both sides of the controversy 

involving the relative effectiveness of time-sharing and batch process- 

ing. Although the results of these studies are less than conclusive 

and at times in disagreement with one another, they clearly demonstrate 

that (a) individual differences are important--indeed, they can over- 

shadow differences in computer systems; (b) the problem being solved in- 

teracts with the system used to solve it; and (c) little is known about 

the parameters of significance in the man-machine-problem interface, 

THE PRESENT STUDY 

Our investigation of problemsolving behavior with an interactive 

computer system is one of a group of computer system analysis and sirnu--- 

lation studies sponsored by NASA. The problem selected for study was 

not a programing problem; rather, it was a problem similar to that 

faced by a controller or planner using an interactive computer to assist 

his decisionmaking. The primary objective was to gain some insight into 

the problems of structuring more extensive experiments to study the reL- 

evant parameters of the man-machine-problem interface. Since some ex-- 

perimental framework was required for the exploration, the study was 

built around an experimental investigation of several notions expressed 

or implied in existing literature. The primary treatment to be studied 

was forced lockout from the computer system; however, the study also 

provided limited data relating to variable versus fixed time intervals, 

acceptability versus effectiveness, and the effect of charging algorithms, 



Forced Lockout 

One of t h e  most i n t e r e s t i n g  c h a l l e n g e s  t o  t h e  i m p l i c i t  "common 

s e n s e i h s s u m p t i o n s  r e g a r d i n g  d e s i r a b l e  sys tem r e s p o n s e  c h a r a c t e r i s t i c s  

stemmed from t h e  work o f  Gold [ 4 ] .  A f t e r  f i n d i n g  t h a t  h i s  s u b j e c t s '  

perfomlances  improved more betveen s e s s i o n s  a t  t h e  c o n s o l e  t h a n  during 

such s e s s i o n s ,  h e  hypothes ized  t h a t  a  f o r c e d  temporal  s p a c i n g  o r  "lock- 

osat9' between computer messages and human responses  might s t i m u l a t e  more 

c r e a t i v e  t h i n k i n g  and hence more e f f e c t i v e  problemsolving.  The diagram 

below d e f i n e s  t h e  l o c k o u t  p e r i o d  and i t s  r e l a t i o n s h i p  t o  o t h e r  common 

terms i n  i n t e r a c t i v e  computing; imposing a  l o c k o u t  p e r i o d  on a  u s e r  re -  

q u i r e s  him t o  spend a c e r t a i n  amount of " t h i n k  t ime."  Presumably,  how- 

ever,  beyond some optimum l o c k o u t  i n t e r v a l ,  f u r t h e r  d e l a y  would d i s r u p t  

t h e  u s e r ' s  thoughts  and w a s t e  h i s  t ime.  

User submits request 

to computer 

Completed request returned 
to user 

User allowed to submit 

" Think time " 

Definit ion of terms in man-computer interaction 

Fixed v e r s u s  V a r i a b l e  Delays  

Carbone l l  [ 5 ]  noted  t h a t  u n c e r t a i n t y  r e g a r d i n g  t h e  c o s t  ( i n  terms 

of user t ime)  of a g iven  computer r u n  a f f e c t s  t h e  a b i l i t y  of t h e  u s e r  

to make good o p e r a t i o n a l  d e c i s i o n s .  He c i t e d  an  unpubl ished observa-  

t i o n  by D. 6.  Bobrow t h a t ,  i n  a  t ime-shar ing environment ,  u s e r s  p r e f e r  



a f i x e d  d e l a y  t o  a  p o s s i b l y  s h o r t e r  b u t  v a r i a b l e  one.  C a r b o n e l l ,  e t  a2 

[ 6 ]  contended t h a t  u n p r e d i c t a b l e  c o n d i t i o n s  d i s t u r b  t h e  u s e r  and inter- 

f e r e  w i t h  h i s  e f f i c i e n t  u s e  of t h e  computer. 

A c c e p t a b i l i t y  and E f f e c t i v e n e s s  

It i s  commonly assumed i n  t h e  l i t e r a t u r e  t h a t  t h e  g r e a t e r  t h e  ac- 

c e p t a b i l i t y  of t h e  sys tem t o  t h e  u s e r ,  t h e  more e f f e c t i v e l y  he will u s e  

i t .  Such a c o n t e n t i o n  is  suppor ted  i n  p a r t  by f i n d i n g s  t h a t  show such 

a  c o r r e l a t i o n  ( e . g . ,  Sackman and Gold [ 7 ] ) ;  however, t h e  e v a l u a t i o n s  m y  

b e  i n c o n c l u s i v e  because  t h e  sys tems were  e v a l u a t e d  after t h e  r e s u l t s  had 

been o b t a i n e d ,  and "winners" a r e  a p t  t o  b e  v e r y  t o l e r a n t .  C a r b o n e l l ,  

e t  aZ. [ 6 ]  t end  t o  e q u a t e  accomplishment w i t h  s a t i s f a c t i o n ,  b u t  t h e y  do  

m a i n t a i n  some r e s e r v a t i o n  by s u g g e s t i n g  a n  e m p i r i c a l  check of t h e  degree  

o f  correspondence.  

E f f e c t  of Charging Algorithms 

Nickerson,  e t  aZ. [8] s u g g e s t  t h a t  a u s e r ' s  s t r a t e g y  f o r  i n t e r a c t i n g  

w i t h  a sys tem w i l l  depend on t h e  way i n  which system charges  a r e  made 

( e . g . ,  on- l ine  v e r s u s  c e n t r a l  p r o c e s s o r  t i m e ) .  The c o n t e n t i o n  appears  

r e a s o n a b l e ,  b o t h  l o g i c a l l y  and e m p i r i c a l l y ,  judg ing  from i n f o r m a l  obser-  

v a t i o n s  and p e r s o n a l  e x p e r i e n c e .  However, t h e  a u t h o r s  t h e n  v e n t u r e  t h e  

p r e s c r i p t i o n  t h a t  t h e  c h a r g i n g  a l g o r i t h m  should b e  such  t h a t  i t  i s  i n  the 

u s e r ' s  b e s t  i n t e r e s t  t o  u s e  t h e  sys tem much as h e  would i f  i t  were f r e e ,  

Again,  t h e  i m p l i c a t i o n  is  t h a t  t h e  consumer's d e s i r e  is a  r e l i a b l e  guide  

t o  optimum sys tem d e s i g n .  



11. METHOD 

The genera l  problemsolving s i t u a t i o n  requi red  t h e  s u b j e c t  t o  s o l v e  a  * 
geographical  a r e a  s e r v i c i n g  problem wi th  t h e  a i d  of JOSS, Rand's i n t e r -  

ac t ive  computer system. Subjec ts  were allowed 2 h r  t o  so lve  an open- 

ended problem f o r  which a  range of s o l u t i o n s  e x i s t e d .  A protocol  of each 

s u b j e c t a s  performance was generated from automatic  recordings w i t h i n  the  

JOSS system, records  handwri t ten by an observer ,  and audio t ape  record- 

ings of a l l  t h e  s u b j e c t ' s  voca l i za t ions .  The r e s u l t i n g  d a t a  were examined 

using a n a l y s i s  of va r i ance  and r eg res s ion  techniques.  

THE TEST PROBLEM - 

Each s u b j e c t  was given a  map showing a  g r i d  of s u r f a c e  s t r e e t s ,  two 

freeways, and some contour l i n e s  t h a t  i nd ica t ed  the  f requencies  of emer- 

gencies per  day per  i n t e r s e c t i o n  throughout t he  a r ea  (Fig.  1 ) .  T r a n s i t  

times between i n t e r s e c t i o n s  were def ined  t o  be 2 min on north-south sur -  

face s t r e e t s ,  3 min on east-west s u r f a c e  s t r e e t s ,  and 1 min on t h e  f r ee -  

ways. It was poss ib l e  t o  e n t e r  o r  leave  t h e  freeways a t  any i n t e r s e c t i o n ,  

but a time penal ty  of 1 min was assessed  f o r  each t r a n s i t i o n .  

The s u b j e c t ' s  t a sk  was t o  des igna te  t h r e e  s u r f a c e  i n t e r s e c t i o n s  a t  

which t o  l o c a t e  t h r e e  emergency h o s p i t a l s  and t o  spec i fy  a  s e t  of dec i s ion  

r u l e s  s k i p u l a t i n g  when and when not  t o  use t h e  freeways i n  d i spa t ch ing  am- 

bulances from these  h o s p i t a l s .  H i s  goal  was t o  minimize the  average re-  

sponse time per  emergency f o r  the  e n t i r e  a r e a ,  t ak ing  i n t o  account t h e  

d i f f e r e n t  acc ident  d e n s i t i e s .  H i s  s o l u t i o n  was s u b j e c t  t o  t he  c o n s t r a i n t  

that the maximum one-way response time t o  any given l o c a t i o n  b e  no more 

than 1 2  min. It was made c l e a r  t h a t  the  number of ambulances was un- 

l i m i t e d ;  scheduling and turnaround time were no t  f a c t o r s  i n  t h e  problem. 

The JOSS system was preprogrammed t o  p r i n t ,  on demand, an  eva lua t ion  

of the e f f e c t i v e n e s s  of l o c a t i o n  and dec i s ion  r u l e  i npu t s .  Other d a t a  

r e l a t i n g  t o  t h e  problem were a l s o  ava i l ab l e .  Hosp i t a l  l oca t ions  were t o  

be designated i n  X, Y coord ina tes  shown on t h e  map. Var iab les  t o  be  used 

* 
JOSS i s  the  Trademark and Serv ice  Mark of The Rand Corporation. 



3 min 3 4 5 6 7 8 

Transit times between intersections 
1 rnin on freeway 
2 rnin on north-south surface streets 
3 rnin on east-west surface street 

Time to both enter ( 1 min) and leave ( 1 min) freeway system from 
surface streets: 2 rnin 

Fig. 1 - Problem map 



* 
Y L ~  t h e  d e c i s i o n  r u l e s  were  s p e c i f i e d  s o  t h a t  t h e  s u b j e c t  could  r e f e r  

t o  p a r t i c u l a r  h o s p i t a l s  ( i  = 1, 2 ,  o r  3 ) ,  h o s p i t a l  l o c a t i o n s  ( x ,  y ) ,  o r  

emergency l o c a t i o n s  ( v ,  w) i n  terms unders tood  by t h e  s p e c i a l  program. 

I f  s o  i n s t r u c t e d  ("Do p a r t  I . " ) ,  t h e  program performed an e v a l u a t i o n  

computation t h a t  provided t h e  average  response  t ime  p e r  emergency and 

the maximum response t ime  t o  any emergency. I f  r e q u e s t e d  t o  do s o ,  t h e  

program a l s o  provided v a r i o u s  t y p e s  of i n f o r m a t i o n  m a t r i c e s :  ( a )  one 

m a t r i x  showing minimum response  t ime  t o  each i n t e r s e c t i o n  from any of 

t h e  t h r e e  h o s p i t a l s  ("Do p a r t  210.11), (b )  t h r e e  i n d i v i d u a l  m a t r i c e s  

showing response  t imes  t o  each i n t e r s e c t i o n  from each of t h e  t h r e e  hos- 

p i t a l s  ("Do p a r t  220.") ,  and ( c )  an i n d i v i d u a l  m a t r i x  showing response 

t i n e s  from any h o s p i t a l  s p e c i f i e d  ("Do p a r t  221 f o r  i = - . The 

s u b j e c t s  were g i v e n  an anno ta ted  r e p r o d u c t i o n  of an a c t u a l  JOSS r e c o r d  

o f  t h r e e  " t r i a l s "  (F ig .  2) t o  f a m i l i a r i z e  them w i t h  t h e  s p e c i a l  program. 

I n  a d d i t i o n  t o  t h e  s p e c i a l  program, t h e  normal JOSS c a p a b i l i t i e s  

were a v a i l a b l e  t o  t h e  s u b j e c t .  S i n c e  t h e  s t u d y  was n o t  cons t rued  a s  a  

t e s t  of t h e  s u b j e c t ' s  s k i l l  i n  t h e  JOSS language ,  an o b s e r v e r  provided 

guidance,  a s  needed,  on m a t t e r s  s p e c i f i c  t o  t h e  sys tem ( e . g . ,  l o g i c a l  

f o r m s ) .  A l i s t  of f o r b i d d e n  v a r i a b l e s  p reven ted  t h e  s u b j e c t  from in -  

a d v e r t e n t l y  u s i n g  v a r i a b l e s  t h a t  had been used i n  t h e  c o n t r o l  program. 

TREATMENT GROUPS 

The pr imary e x p e r i m e n t a l  t r e a t m e n t  was provided by programming t h e  

JOSS system t o  l o c k  t h e  s u b j e c t  o u t  of t h e  sys tem f o r  a  s p e c i f i e d  

l e n g t h  of t ime a f t e r  each t r i a l ,  i . e . ,  a f t e r  a  " c a l c u l a t e "  c y c l e  t h a t  

provided an assessment  of a  s e t  of i n p u t s .  During t h i s  i n t e r v a l ,  t h e  

keyboard was locked and t h e  r e d  s i g n a l  lamp was l i g h t e d .  A t  t h e  end of 

t h e  i n t e r v a l ,  t h e  "ready" beep sounded, t h e  g reen  s i g n a l  lamp l i g h t e d ,  

and c o n t r o l  of t h e  keyboard was r e t u r n e d  t o  t h e  s u b j e c t .  Lockout con- 

d i t i o n s  were d i f f e r e n t  f o r  each of f i v e  groups  of s u b j e c t s ,  and i n -  

c luded b o t h  f i x e d  and v a r i a b l e  i n t e r v a l s .  Based upon p r e l i m i n a r y  work 

wi th  the  t e s t  problem and t h e  hypotheses  b e i n g  t e s t e d ,  t h e  f o l l o w i n g  

t rea tment  groups were s p e c i f i e d .  

* 
'4 v a r i a b l e  ( z )  was t o  b e  s e t  a t  1 i f  t h e  freeway was t o  b e  used ,  

o r  a t  0 i f  i t  was n o t  t o  b e  used.  



Example: Using the JOSS program 

X ( 1 ) - 3  \ 

X ( 2 ) = 6  } Hospital locations 
Y ( 2 )  =3  

You supply these 
Y ( 3 )  =-6 
100.1 Set if =2 or ~ 6 .  - a decision rule 
200 Do port 210. - a print option 
Do port 1 .  

Average = 5.40496 
Maximum ; 16 

Shortest response times 
to intersections 

Program types out these 

Y ( 3 ) - 7  
200 Do "port 221 for i =3  You supply revisions 
Do part 1 . 

Average = 5.44628 
Maximum = 14 

> Response times from 
hospital 3 

Program responds 

Y ( 3 )  =8 
100.2 Set 2 - 1  i f  w = 5 .  
200 Do port 210. 

You supply revisions 

Do port 1. 
Average = 5.89256 
Maximum= 14 

Shortest response times 
> 

Program respords 

Fig.  2- Sample JOSS printout 



Group 0 rece ived  no lockout  o r  o t h e r  c o n s t r a i n t  and used the  com- 

puter system f r e e l y .  This group served a s  t he  c o n t r o l  group f o r  assess -  

i n g  the  e f f e c t s  of t h e  t rea tments  used wi th  t h e  o t h e r  four  groups. The 

way t he se  s u b j e c t s  used t h e  system could be  considered t h e  "na tura l"  

approach, 

The "Choice" group received no forced lockout ,  b u t  each member 

was i n s t r u c t e d  t o  minimize t h e  amount of t ime he  used t h e  system (both 

console t ime and computer t ime) .  The s u b j e c t  could l o g  out  of the  sys- 

tem (o r  i n  again)  a t  w i l l  by typ ing  the  words "Type timer". It was 

intended t h a t  t h i s  group would show the  e f f e c t s  of a  self-imposed con- 

s t r a i n t  of t h e  type  t h a t  might r e s u l t  from a r e s t r i c t i v e  charging 

algori thm. 

G - 

Group 5 was locked out  of t h e  computer system f o r  5 min fol lowing 

each t r i a l .  The s u b j e c t s  knew when the  lockouts  would occur and how 

long they would l a s t .  The 5-min time i n t e r v a l  was intended t o  be  mi ld ly  

d i s r u p t i v e .  

G - 
Group 8 was locked out  of t he  computer system f o r  8  min fol lowing 

each t r i a l .  Again, t h e  s u b j e c t s  knew when t h e  lockouts  would occur  and 

how long they would last .  The 8-min time i n t e r v a l  was intended t o  be  

more seve re ly  d i s r u p t i v e .  

G - 

Group V was locked out  of t h e  system f o r  v a r i a b l e  l eng ths  of t ime 

frcm 0 t o  10 min, w i t h  success ive  p a i r s  of t r i a l s  averaging 5 min. The 

s u b j e c t s  knew when t h e  lockouts  would occur and t h e  range of poss ib l e  

du ra t ions ,  b u t  had no foreknowledge of any p a r t i c u l a r  lockout  dura t ion .  



Although t h e s e  s u b j e c t s  would have, on t h e  average,  a lockout  p e r i o d  

approximately equal  t o  t h a t  of Group 5 ,  t he  per iod  was v a r i a b l e  and un- 

c e r t a i n .  (The a c t u a l  sequence of lockout  t i m e s  f o r  t hese  s u b j e c t s  was 

8, 2 ,  5 ,  5 ,  2 ,  8 ,  4 ,  6 ,  8, 2,  4 ,  and 6 min.) 

SUBJECTS 

The 20 s u b j e c t s  were Rand employees r ep re sen t ing  a v a r i e t y  o f  sci- 

e n t i f i c  and t e c h n i c a l  d i sc ip l ines- -pr imar i ly  graduate  s tuden t s  employed 

f o r  t h e  summer, b u t  a l s o  some fu l l - t ime s t a f f  members w i th  s e v e r a l  years 

of work experience.  Programming experience ranged from none t o  8 yr; 

experience wi th  i n t e r a c t i v e  systems,  none t o  4 y r .  Formal t r a i n i n g  i n  

opera t ions  a n a l y s i s  ranged from none t o  15 courses .  The s u b j e c t s  were 

ranked according t o  an e s t ima te  of r e l e v a n t  c a p a b i l i t y  and experience,  

based on ques t ionna i r e  responses and supe rv i so r  r a t i n g s .  The experience 

measure was then used t o  d i v i d e  t h e  s u b j e c t s  i n t o  f i v e  balanced groups 

of fou r  s u b j e c t s  each. The f i v e  groups were then randomly assigned t o  

t h e  lockout  condi t ions .  

A s  a r e s u l t  of having t o  r ep l ace  s i x  s u b j e c t s  who were dropped for * 
a v a r i e t y  of reasons ,  t h e  experience ba lance  w a s  only approximate,  The 

f i n a l  composition of t he  groups i s  shown i n  Table 1. The aggregate  ex- 

per ience  of Group 5 w a s  t h e  lowest  ( l a r g e r  numbers i n d i c a t i n g  Less ex- 

per ience)  and t h a t  of Group C was t h e  h ighes t .  

APPARATUS AND MATERIALS 

Subjec ts  were t e s t e d  two a t  a t ime i n  nonadjacent o f f i c e s ,  In 

a d d i t i o n  t o  t h e  normal o f f i c e  equipment, t h e  o f f i c e s  were furn ished  with 

a JOSS typewr i t e r  t e rmina l ,  audio record ing  equipment, and various prob- 

l e m  ma te r i a l s .  

* 
Two s u b j e c t s  were dropped because of ove r s igh t s  i n  t h e  o r i g i n a l  

procedures o r  i n s t r u c t i o n s  (one "dumped" t h e  c o n t r o l  program), two were 
l o s t  because JOSS s h u t  down dur ing  t h e i r  runs ,  one was unable t o  work 
wi th  an  observer  i n  t h e  room, and one p re fe r r ed  t o  work without  com- 
pu te r  a s s i s t a n c e .  



Table  1 

DISTRIBUTION OF EXPERIENCE RANKS BY GROUPS 

a  
Rank 1 = Most e x p e r i e n c e .  

J O S S  Terminal  

The JOSS t e r m i n a l  c o n s i s t s  of a  mobi le  c o n s o l e  h o l d i n g  a  s t a n d a r d  

ZBM S e l e c t r i c  t y p e w r i t e r  (wi th  a  s l i g h t l y  modif ied c h a r a c t e r  s e t )  and 

an a u x i l i a r y  c o n t r o l  box.  The u n i t  i s  connected t o  t h e  c e n t r a l  computer 

sys tem v i a  j a c k s  l o c a t e d  i n  t h e  o f f  i c e s  of s t a f f  members. 

Audio Recording Equipment 

During each problem s e s s i o n ,  t h e  s u b j e c t  wore a  l a v a l i e r e  micro- 

phone t o  r e c o r d  h i s  v o c a l i z a t i o n s  c o n t i n u o u s l y .  The o b s e r v e r ' s  comments 

were recorded  s i m i l a r l y .  

Problem M a t e r i a l s  - 

A t  t h e  beg inn ing  of t h e  problem r u n ,  t h e  s u b j e c t  r e c e i v e d  a  s i x -  

page  i n f o r m a t i o n  package t h a t  i n c l u d e d  a  b r i e f  d i s c u s s i o n  of t h e  back- 

ground of t h e  problem, an e x p l i c i t  s t a t e m e n t  o f  t h e  problem t o  be  

s o l v e d ,  i n s t r u c t i o n s  on how t o  use  t h e  s p e c i a l  JOSS program, an  example 

o f  s e v e r a l  i n t e r a c t i o n s  w i t h  t h e  s p e c i a l  program ( F i g .  2 ) ,  and a n  anno ta ted  

s t r e e t  map t h a t  d e f i n e d  t h e  problem s i t u a t i o n .  The s u b j e c t  had a c c e s s  

t o  a s  many c o p i e s  of t h e  s t r e e t  map a s  h e  d e s i r e d .  I n  a d d i t i o n ,  t h e  

s u b j e c t s  were g iven  s c r a t c h  p a p e r ,  pens ,  p e n c i l s ,  and marking pens i n  * 
several .  c o l o r s .  Other  m a t e r i a l s  were  a v a i l a b l e  on r e q u e s t .  

Yt 
T t  had been a n t i c i p a t e d  t h a t  s u b j e c t s  might wish t o  c o n s t r u c t  

o v e r l a y s ;  however, none r e q u e s t e d  such  m a t e r i a l s .  



Q u e s t i o n n a i r e s  

The p r e t e s t  q u e s t i o n n a i r e  o b t a i n e d  i n f o r m a t i o n  r e g a r d i n g  the sub- 

j e c t ' s  e x p e r i e n c e  w i t h  computers ,  programming, and o p e r a t i o n s  analysis, 

Quest ions  were asked and responses  recorded  by t h e  e x p e r i m e n t e r s ,  The 

p o s t - t e s t  q u e s t i o n n a i r e ,  completed by t h e  s u b j e c t ,  ga thered  i n f o r m a t i o n  

on h i s  views of t h e  t e s t  s i t u a t i o n  and on h i s  method of s o l v i n g  the 

problem. 

Observer ' s  Logs 

During t h e  problem r u n ,  t h e  o b s e r v e r  k e p t  a runn ing  t ime  l o g  of 

t h e  s u b j e c t ' s  a c t i o n s  and comments. The i n f o r m a t i o n  was recorded  on 

8.5-by-11-in. forms on which problem t i m e ,  i n  q u a r t e r  minu tes ,  was pre-  

p r i n t e d  a l o n g  t h e  l e f t  margin.  Log e n t r i e s  i n c l u d e d  such  i t ems  a s  
I t  11 11 

t y p e s  x ,  y  ' s ,  w r i t e s  on s c r a t c h  paper  ," and "draws boundary on 

p r i n t o u t .  

PROCEDURE 

P r i o r  t o  Formal T e s t  

The test procedures  and program were  developed i n  p i l o t  r u n s  w i t h  

t h e  exper imente r s  s e r v i n g  as s u b j e c t s .  Then t h e  s u b j e c t s  f o r  t h e  for- 

m a l  exper iment  were  r e c r u i t e d ,  g iven  a  b r i e f  e x p l a n a t i o n  o f  t h e  experi- 

ment,  and r e q u e s t e d  t o  f a m i l i a r i z e  themselves  w i t h  t h e  JOSS sys tem,  

T h e i r  e x p e r i e n c e  r a n k i n g s  were  determined and t h e  ba lanced  groups  

formed. Assignment of l o c k o u t  c o n d i t i o n s ,  t e s t i n g  t i m e s ,  t e s t  rooms, 

and o b s e r v e r s  was done u s i n g  randomiza t ion  t e c h n i q u e s .  

During t h e  Tes t 

At t h e i r  schedu led  t i m e s ,  t h e  s u b j e c t s  m e t  w i t h  members o f  the 

s t u d y  team f o r  a b r i e f i n g  on t h e  problem. The o b j e c t i v e s  of the study 

were o u t l i n e d ,  t h e  d a t a  c o l l e c t i o n  methods d e s c r i b e d ,  and t h e  subjects 

a s s u r e d  t h a t  no i n f o r m a t i o n  r e g a r d i n g  t h e i r  i n d i v i d u a l  performances 

would b e  r e l e a s e d  t o  anyone. The s u b j e c t s  were encouraged t o  "tthinlc 

o u t  loud" w h i l e  working on t h e  problem, i f  t h e y  could  do s o  comfor tab ly ,  



The performance goal  was s t a t e d  i n d e f i n i t e l y ;  t h e  s u b j e c t s  could 

q u i t  any time they were s a t i s f i e d  wi th  t h e i r  r e s u l t s  dur ing  t h e  2-hr 

s e s s i o n ,  To provide some frame of r e f e rence ,  a l l  s u b j e c t s  were t o l d  

t h a t  an average response time of 4.67 min w a s  t h e  b e s t  t ime achieved t o  * 
date, bu t  t h a t  b e t t e r  ones might e x i s t .  (The time given a s  a  t a r g e t  

was equ*valent t o  a  c r i t e r i o n  s c o r e  of 90 on a  100-point s c a l e . )  

The s u b j e c t s  were then  taken t o  t h e  t e s t  rooms and t h e  t e s t  begun. 

The observer  s igned onto t h e  JOSS system, readied  t h e  f i l e s ,  and 

started t h e  t imer subrout ine .  The s u b j e c t  received t h e  problem package 

and began reading.  The observer  turned on the  t ape  recorder  and then 

took a p o s i t i o n  where he could s e e  what was going on without  i n t rud ing  

on the  s u b j e c t ' s  work a rea .  Throughout t h e  s e s s i o n ,  the  observer  main- 

t a ined  t h e  a c t i v i t y  l o g  and answered al lowable ques t ions .  The s u b j e c t  ** 
was t o l d  when 1 h r  had passed and when 10 min remained; when time was 

up ,  he was asked t o  s t o p  work, and the  deb r i e f ing  s e s s i o n  was begun. 

The d e b r i e f i n g  s e s s i o n  cons i s t ed  of t h e  s u b j e c t ' s  completing t h e  

pos t-tes t ques t ionna i r e  and providing any o the r  comments o r  information 

he thought r e l e v a n t .  The s u b j e c t  was caut ioned not  t o  d iscuss  wi th  

anyone the  problem o r  any a spec t s  of h i s  work u n t i l  t h e  t e s t  schedule 

was completed. He was thanked f o r  h i s  p a r t i c i p a t i o n  and t o l d  he would 

receive a  summary of t h e  r e s u l t s  when they were compiled. Although the  

session was o f f i c i a l l y  ended, many s u b j e c t s  resumed work on t h e  problem 

f o r  t h e i r  own s a t i s f a c t i o n .  

The p r i n c i p a l  dependent measures were q u a l i t y  of b e s t  s o l u t i o n  

( m i n i m m  average response t ime) ,  e lapsed  user  time t o  b e s t  s o l u t i o n ,  

total. user  time expended, and t o t a l  machine time expended. However, t o  

serve the  explora tory  ob jec t ives  of t h e  s tudy ,  many o the r  measures r e l a t -  

i r ig t o  t h e  s u b j e c t s '  problemsolving behavior  were c o l l e c t e d .  Most of 

9c 
The minimum time was a c t u a l l y  4.52 min; t h e  b e s t  obtained by one 

s f  the  s u b j e c t s  was 4.57 min. 
* * 
In some c a s e s ,  t h e  120-min time l i m i t  was extended a s  much a s  

10 rnin t o  compensate f o r  t ime l o s t  due t o  i n t e r r u p t i o n s  o r  malfunct ions.  



t h e s e  measures were o b t a i n e d  d i r e c t l y  from t h e  JOSS p r i n t o u t s ,  some 

from a n a l y s i s  o f  t h e  o b s e r v e r ' s  l o g s ,  some from t h e  q u e s t i o n n a i r e s ,  

and some from combining o r  t r a n s  forming o t h e r  measures.  



111. RESULTS AND DISCUSSION 

Before  p r e s e n t i n g  t h e  r e s u l t s ,  a  c a u t i o n a r y  n o t e  is i n  o r d e r .  

Consider ing t h e  e x p l o r a t o r y  n a t u r e  of t h e  s t u d y ,  t h e  semiformal  test 

environment ,  t h e  r e s t r i c t e d  sample,  and t h e  p o s s i b l e  uniqueness  of 

t h i s  p a r t i c u l a r  problem o r  t h e  JOSS sys tem,  t h e  r e s u l t s  must b e  cqn- 

s i d e r e d  t e n t a t i v e .  

EXPERIMENTAL AEALYSES 

The a n a l y s e s  p r e s e n t e d  i n  t h i s  s e c t i o n  p r i m a r i l y  concern t h e  fac -  

t o r s  r e l a t e d  t o  t h e  e v a l u a t i o n  of t h e  e f f e c t s  of t h e  e x p e r i m e n t a l l y  

c o n t r o l l e d  v a r i a b l e s .  I n  keep ing  w i t h  t h e  e x p l o r a t o r y  n a t u r e  of t h e  

s t u d y ,  a  s i g n i f i c a n c e  l e v e l  of 10 p e r c e n t  o r  l e s s  was c o n s i d e r e d  an 

adequa te  i n d i c a t o r  of an e f f e c t  worth  c o n s i d e r i n g  f u r t h e r .  

q u a l i t y  of S o l u t i o n  

F igure  3  shows t h e  d i s t r i b u t i o n  of s c o r e s  on t h e  c r i t e r i o n  mea- 

s u r e  (minimum average  response  t ime)  f o r  t h e  20 s u b j e c t s  grouped ac- 

cord ing  t o  l o c k o u t  t r e a t m e n t s .  The mean s c o r e  f o r  each group i s  a l s o  

i n d i c a t e d .  The number n e x t  t o  each d a t a  p o i n t  i s  t h e  e x p e r i e n c e  rank- 

lng of t h a t  p a r t i c u l a r  s u b j e c t .  

Perhaps t h e  most s t r i k i n g  a s p e c t  of F i g .  3  is  t h a t  t h e  v a r i a n c e  

of  s c o r e s  d i f f e r s  wide ly  from group t o  group. Th is  d i f f e r e n c e  i s  s i g -  

n i f i c a n t  a t  t h e  -05  l e v e l  (Fmax = 7 3 ) .  The f o r c e d  lockout  may have 

c o n t r i b u t e d  t o  t h i s  r e d u c t i o n  of d i s p e r s i o n  due t o  i n d i v i d u a l  d i f f e r -  

e n c e s ,  

F igure  3  a l s o  i n d i c a t e s  an a p p a r e n t  d i f f e r e n c e  i n  group means due 

t o  lockout  c o n d i t i o n s  and an  apparen t  e f f e c t  due t o  e x p e r i e n c e .  To 

Lest the  s i g n i f i c a n c e  of t h e  l o c k o u t  and e x p e r i e n c e  f a c t o r s ,  t h e  d a t a  

were s u b j e c t e d  t o  an  a n a l y s i s  of v a r i a n c e  u s i n g  f i v e  l e v e l s  of l o c k o u t  

and two l e v e l s  of exper ience  i n  a  two-way a n a l y s i s  w i t h  two r e p l i c a -  
* 

t i o n s  p e r  c e l l .  The two higher-ranked s u b j e c t s  were grouped i n t o  a  

k 
See Ref ,  9 ,  p .  8 7 .  



Note: Numbers next to each data point 
are the subiect's experience ranking, 

with " 1 " being the most experienced 
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Fig, 3-Criterion scores attained by the subiecks 



"higher  exper ience"  s u b s e t  and t h e  two lower-ranked s u b j e c t s  i n t o  a  

"!lower exper ience"  s u b s e t  w i t h i n  each  group. The r e s u l t s  of t h i s  

a n a l y s i s  appear  i n  Tab le  2. 

Tab le  2  

ANALYSIS OF VARIANCE SUMMARY: CRITERION SCORES 

Lockout is  s i g n i f i c a n t  a t  t h e  .025 l e v e l ,  e x p e r i e n c e  i s  s i g n i f i -  

cant at t h e  .005 l e v e l ,  and t h e  i n t e r a c t i o n  between l o c k o u t  and exper- 

i e n c e  is  s i g n i f i c a n t  a t  t h e  .10 l e v e l .  I n  view of t h e  h e t e r o g e n e i t y  

of  v a r i a n c e  i n d i c a t e d  by F  t h e s e  r e s u l t s  must b e  i n t e r p r e t e d  w i t h  
max ' 

c a u t i o n ;  however, t h e  r o b u s t n e s s  of t h e  a n a l y s i s  of t h e  v a r i a n c e  model 

and the u n c e r t a i n t i e s  a s s o c i a t e d w i t h  F w i t h  s m a l l  sample s i z e s  make 
max 

i t  r e a s o n a b l e  t o  conclude t h a t  t h e  t r u e  s i g n i f i c a n c e  l e v e l  is  w i t h i n  

the .I0 l e v e l  f o r  b o t h  t h e  main e f f e c t s .  I f  t h e  i n t e r a c t i o n  is  s i g n i -  

ficant, i t  s u g g e s t s  t h a t  t h e  r e l a t i o n s h i p  between performance and 

forced lockout  i s  more complex t h a n  o r i g i n a l l y  supposed.  

F igure  4  p r o v i d e s  a n o t h e r  p e r s p e c t i v e  on t h e  r e l a t i o n s h i p s  between 

the q u a l i t y  of s o l u t i o n  and t h e  e f f e c t s  o f  e x p e r i e n c e  and l o c k o u t .  It 

shows t h a t  t h e  5-min l o c k o u t  and t h e  v a r i a b l e  l o c k o u t  (averag ing  5  min 

p e r  t r i a l )  tended t o  r a i s e  t h e  performance l e v e l  of l e ss -exper ienced  

s u b j e c t s ,  w h i l e  t h e  Choice s i t u a t i o n  seemed t o  h i n d e r  them. Only t h e  

8-min l o c k o u t  tended t o  lower  t h e  performance l e v e l  of more-experienced 

s u b j e c t s .  

If t h e  i n d i c a t e d  e f f e c t s  a r e  real ,  perhaps  a  f o r c e d  l o c k o u t  s e r v e s  

as a f a c i l i t a t i n g  pacer f o r  l e ss -exper ienced  s u b j e c t s .  Experienced 

Source 

T o t a l  
Lockout 
Exper ience 
L X E  
E r r o r  

Degrees of 
Freedom 

Sum of 
Squares  

.282 
,096 
.082 
.057 
.047 

S i g n i f i c a n c e  
Leve l  

Mean 
Square 

19 
4  
1 
4  

10 

F 

-- 
.024 
.082 
.014 
.0047 

-- 
5 .11  

17.45 
2.98 - - 

-- 
.025 
.005 
. I00  - - 
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Fig. 4 -Rank on experience compared with rank 
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s u b j e c t s  appear  t o  do w e l l  under any c o n d i t i o n  excep t  t h e  8-min lock- 

out, s u g g e s t i n g  t h a t  a n  8-min l o c k o u t  may b e  d i s r u p t i v e ,  a t  l e a s t  on 

this problem. 

Turnaround o r  sys tem r e s p o n s e  t ime  w a s  n o t  a c o n t r o l l e d  f a c t o r  i n  

t h e  exper iment ,  b e i n g  p a r t l y  dependent on t h e  number of peop le  ( i n  addi-  

; ion  t o  our  s u b j e c t s )  u s i n g  JOSS. The d i f f e r e n c e s  b e i n g  a t t r i b u t e d  t o  

l o c k o u t  t i m e s  could  have  r e s u l t e d  from d i f f e r e n c e s  i n  sys tem response  

speed, 

An a n a l y s i s  of v a r i a n c e  i n d i c a t e d  t h a t  groups  were  n o t  t r e a t e d  

a l i k e  i n  terms o f  tu rnaround  t i m e ;  t h e  d i f f e r e n c e  was s i g n i f i c a n t  a t  

the .01 l e v e l .  However, Groups 0 ,  5 ,  and 8  a l l  have  abou t  e q u a l  t u r n -  

around t imes and t h e i r  c r i t e r i o n  s c o r e s  cover  t h e  e n t i r e  range .  Th is  

s u g g e s t s  t h a t  r esponse  t i m e s  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  performance.  

A plot of s c o r e s  v e r s u s  a v e r a g e  tu rnaround  t ime  i n d i c a t e d  no obvious  

r e l a t i o n s h i p .  However, a t  t h e  p r e s e n t  t i m e ,  i t  is n o t  p o s s i b l e  t o  

a s s e s s  a c c u r a t e l y  t h e  i m p l i c a t i o n s  of a r e l a t i o n s h i p  between response  

t i m e  and c r i t e r i o n  s c o r e ,  i f  one e x i s t s ,  because  n o t  a l l  d i f f e r e n c e s  i n  

t i m e  a r e  due t o  v a r i a n c e s  w i t h i n  t h e  sys tem.  The s u b j e c t  may have 

s p e c i f i e d  more complex d e c i s i o n  r u l e s ,  which r e q u i r e d  more machine t i m e  

t o  i n t e r p r e t ,  b u t  which l e d  t o  b e t t e r  r e s u l t s .  

V a r i a t i o n s  i n  tu rnaround  t i m e  d u r a t i o n s  (wi th in  s u b j e c t s )  were a l l  

very small and approx imate ly  e q u a l ,  w i t h  t h e  e x c e p t i o n  of t h o s e  of t h r e e  

s u b j e c t s .  Of t h e  t h r e e  s u b j e c t s  w i t h  s i g n i f i c a n t l y  l a r g e r  v a r i a t i o n s ,  

ehe one w i t h  t h e  l a r g e s t  o b t a i n e d  t h e  h i g h e s t  c r i t e r i o n  s c o r e .  

The Gold h y p o t h e s i s  is  s u p p o r t e d  by t h e  ev idence  p r e s e n t e d  t h u s  

f a r :  l o c k o u t  f o r  a b r i e f  t i m e  t e n d s  t o  improve performance,  a t  least 

for l e s s -exper ienced  s u b j e c t s .  Our c o r o l l a r y  c o n j e c t u r e  is a l s o  sup- 

p o r t e d :  a  l o n g e r  l o c k o u t  p e r i o d  t e n d s  t o  degrade  performance,  a t  least  

for more-experienced s u b j e c t s  . 

Time F a c t o r s  

Whether o r  n o t  q u a l i t y  of s o l u t i o n s  d i f f e r s  beyond a chance l e v e l  

from group t o  group,  i t  i s  of i n t e r e s t  t o  compare t h e  groups  i n  terms 

of how much t ime  was s p e n t  by man and machine i n  r e a c h i n g  t h e  o b t a i n e d  

solekt i o n s .  



Machine Time. Tab le  3 summarizes t h e  t o t a l  number of t r i a l s  run 

by each s u b j e c t ;  Table  4 shows t h e  r e s u l t s  of an  a n a l y s i s  of v a r i a n c e  

of t h e s e  d a t a .  Lockout is  s i g n i f i c a n t  a t  t h e  .001 l e v e l ,  and the in-- 

t e r a c t i o n  between e x p e r i e n c e  and l o c k o u t  i s  s i g n i f i c a n t  a t  t h e  .OL 

l e v e l .  The main e f f e c t  of e x p e r i e n c e  is n o t  s i g n i f i c a n t .  

Tab le  3 

NUMBER OF TRIALS RUN BY SUBJECTS I N  EACH GROUP 

Table  4 

ANALYSIS OF VARIANCE SUMMARY: NUMBER OF TRIALS 

I n s p e c t i o n  of t h e  group t o t a l s  i n  Tab le  3 i n d i c a t e s  t h a t  the 

f o r c e d  l o c k o u t  groups a l l  performed f a r  fewer t r i a l s  t h a n  t h e  control 

group,  w i t h  Groups 5 and 8 b e i n g  t h e  lowes t  and about  e q u a l .  (These 

a r e  t h e  groups  t h a t  s c o r e d  h i g h e s t  and l o w e s t ,  r e s p e c t i v e l y ,  on she 

c r i t e r i o n  measure.)  Group 5 used approximately  one- th i rd  t h e  number 



of t r i a l s  t h a t  t h e  c o n t r o l  group used.  The e f f e c t  of se l f - imposed con- 

s t r a i n t  (Group C )  i s  of l e s s e r  magnitude,  b u t  s t i l l  a p p r e c i a b l e .  A s  

sugges ted  by t h e  s i g n i f i c a n t  i n t e r a c t i o n ,  t h e  l o c k o u t  f a c t o r  appears  t o  

a f f e c t  t h e  l e ss -exper ienced  s u b j e c t s  d i f f e r e n t l y  t h a n  i t  does  t h e  more- 

exper ienced  ones .  

It i s  impor tan t  t o  r e c o g n i z e  t h a t  i t  was p h y s i c a l l y  p o s s i b l e  f o r  

t h e  s u b j e c t s  i n  t h e  fo rced- lockout  groups t o  perform many more t r i a l s  

than most of them a t t empted .  The c o n s t r a i n t  appears  t o  b e  a t  l e a s t  

p a r t l y  p s y c h o l o g i c a l ,  a s  would b e  p r e d i c t e d  from C a r b o n e l l ' s  model-- 

i , e . ,  f o r  t h e s e  s u b j e c t s ,  t h e  "cost"  of a  computat ion was i n c r e a s e d .  

Had t h e  c a l c u l a t i o n  t imes  been c o n s t a n t  f o r  every  t r i a l  and f o r  

every s u b j e c t ,  "number of t r i a l s "  would b e  e q u i v a l e n t  t o  "amount of com- 

puter t ime  used i n  a s s e s s i n g  i n p u t s . "  F i g u r e  5 shows t h e  r e l a t i o n s h i p  

between t h i s  t h e o r e t i c a l  computer t ime  and t h e  c r i t e r i o n  s c o r e  f o r  each 

group, u s i n g  average  measures i n  b o t h  c a s e s .  This  r e l a t i o n s h i p  p rov ides  

a measure of problemsolving e f f i c i e n c y ,  a t  l e a s t  f o r  machine t ime.  The 

s u p e r i o r i t y  o f  Groups 5 and V i s  e v i d e n t .  

Another p e r s p e c t i v e  on e f f e c t i v e n e s s  of machine-time e x p e n d i t u r e  

appears  i n  F i g .  6 .  The p l o t t e d  p o i n t s  show how t h e  average  b e s t  c r i -  

terion s c o r e  (based on each s u b j e c t ' s  "bes t  s c o r e  s o  f a r " )  f o r  each * 
group v a r i e d  over  t h e  f i r s t  t e n  t r i a l s .  By t h e  end of t h e  second tri-  

a l ,  all e x p e r i m e n t a l  groups a r e  c l e a r l y  d i f f e r e n t i a t e d  from t h e  c o n t r o i  

group (Group 0)  ; by t h e  end of t h e  f o u r t h  t r i a l ,  major d i f f e r e n c e s  ap- 

pear  among t h e  v a r i o u s  e x p e r i m e n t a l  g roups .  

Console u s e  can b e  measured approximately  from t h e  number of JOSS 

l i n e s  i n p u t  and o u t p u t  by each s u b j e c t .  F i g u r e  7 shows t h e  i n p u t ,  out-  

p u t ,  and combined i n p u t  and o u t p u t  t o t a l s  and averages  p e r  t r i a l  f o r  

each of t h e  f i v e  groups .  The t o t a l  number of l i n e s  i n p u t  by t h e  t h r e e  

lockout  groups and t h e  t o t a l  number of l i n e s  o u t p u t  by two of them 

(Groups 5 and V) a r e  less t h a n  t h e  cor responding  measures f o r  t h e  f r e e -  

use  and s e l f - r e s t r a i n t  groups .  However, t h e  d i f f e r e n c e s  h e r e  a r e  n o t  

n e a r l y  s o  g r e a t  as t h e  d i f f e r e n c e s  i n  t h e  number o f  t r ia ls  r u n  by t h e  

Jc 
These curves  do n o t  r e p r e s e n t  a  l i n e a r  t ime p r o g r e s s i o n ,  because  

i n t e r t r i a l  t imes  v a r i e d  wide ly .  F igure  8 shows t h e  averages  p l o t t e d  
a g a i n s t  t ime.  
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groups. As i n d i c a t e d  i n  t h e  lower graph o f  F ig .  7 ,  showing average  in -  

p u t  and o u t p u t  p e r  t r i a l ,  t h e  l o c k o u t  a f f e c t e d  t h e  "packaging" o f  com- 

munica t ions  more t h a n  i t  d i d  t h e  t o t a l  volume. The f r e e - u s e  group 

tended t o  e x e c u t e  a new e v a l u a t i o n  computat ion a f t e r  making l i m i t e d  

changes;  t h e  o t h e r  groups d i d  s o  on ly  a f t e r  r e f o r m u l a t i n g  more exten-  

s iveBy . 
User Time. One method of comparing t h e  working e f f i c i e n c y  of t h e  

several groups i s  t o  measure t h e  t o t a l  t ime  each s u b j e c t  took  t o  o b t a i n  

his b e s t  s o l u t i o n .  Although no performance c r i t e r i o n  was se t ,  t h e  mea-  

s u r e  of t i m e  t a k e n  i s  meaningful  when used i n  c o n j u n c t i o n  w i t h  t h e  pre-  

viously d i s c u s s e d  measures--qual i ty  of s o l u t i o n  and machine t i m e .  

Tab le  5 p r e s e n t s  t h e  t i m e s  t a k e n  by each s u b j e c t  t o  a c h i e v e  h i s  

best s o l u t i o n .  An a n a l y s i s  of v a r i a n c e  of t h e s e  d a t a  showed l o c k o u t  t o  

be  s i g n i f i c a n t  a t  t h e  .05 l e v e l ;  n e i t h e r  e x p e r i e n c e  n o r  t h e  i n t e r a c t i o n  

between l o c k o u t  and e x p e r i e n c e  was s i g n i f i c a n t .  Group 5 s u b j e c t s  reached 

t h e i r  b e s t  s c o r e s  f a s t e s t ;  t h e  o t h e r  groups were  s lower  and n o t  t o o  d i f -  

f e r e n t  from each o t h e r ,  t h e  c o n s e c u t i v e  o r d e r  b e i n g  8 ,  V ,  C ,  and 0 .  T h i s  

resul t  i s  e s p e c i a l l y  i n t e r e s t i n g  because  t h e  Group 5 average s c o r e  was 

the h i g h e s t ;  t h e s e  s u b j e c t s  n o t  on ly  g o t  b e t t e r  s c o r e s ,  b u t  t h e y  a l s o  

g o t  them f a s t e r  and used less machine t i m e  i n  t h e  p r o c e s s .  The r e l a -  

tively p o o r e r  performance of t h e  Group V s u b j e c t s  s u p p o r t s  t h e  conten- 

tion t h a t  f i x e d  i n t e r v a l s  a r e  less d i s r u p t i v e  t h a n  v a r i a b l e  ones .  

Tab le  5 

TIME TAKEN TO ACHIEVE BEST SOLUTION 

Lower 



F i g u r e  8 shows t h e  average  of b e s t  s c o r e s  ach ieved  by each group 

i n  10-min i n t e r v a l s .  These curves  show t h e  g e n e r a l  improvement i n  per-  

formance u s u a l l y  a s s o c i a t e d  w i t h  a  l e a r n i n g  s i t u a t i o n ,  and a l s o  show 

some of t h e  major d i f f e r e n c e s  i n  t h e  e f f i c i e n c y  o f  t h e  manpower expendi- 

t u r e s  of t h e  f i v e  groups.  Had t h e  good s c o r e s  o f  Group 5  come e a r l y  i n  

t h e  problem s e s s i o n s ,  on ly  t o  b e  fol lowed by a  l o n g  s e r i e s  of l e s s  ef- 

f e c t i v e  s o l u t i o n s ,  one might s u s p e c t  t h a t  random good f o r t u n e  had played 

a  major r o l e  i n  t h e i r  s u c c e s s .  However, w i t h  b u t  one e x c e p t i o n ,  the 

b e s t  t r ia ls  came a t  o r  n e a r  t h e  end of t h e  series. 

A l l  f o u r  members of Group 5  e l e c t e d  t o  t e r m i n a t e  t h e i r  problem ses- 

s i o n s  a f t e r  95-100 min. They worked 20-30 min l e s s  t h a n  d i d  t h e  o t h e r  

s u b j e c t s .  Thus,  they  n o t  o n l y  s p e n t  l e s s  t i m e  o b t a i n i n g  t h e i r  best so- 

l u t i o n s ,  b u t  a l s o  s p e n t  l e s s  t ime working on t h e  problem. The b e h a v i o r  

o f  Group 5  can b e  i n t e r p r e t e d  a s  s u p p o r t i n g  t h e  model p r e s e n t e d  by 

Carbone l l  [5 ]  i n  which t h e  " d e c i s i o n  t o  q u i t "  i s  a  f u n c t i o n  of b o t h  the 

c o s t  of c o n t i n u i n g  and s a t i s f a c t i o n  w i t h  p r e s e n t  r e s u l t s .  A s i m i l a r  i.n- 

t e r p r e t a t i o n  might account  f o r  t h e  c o n t i n u a t i o n  o f  Groups 0  and C (the 

c o s t s  were  lower)  and Group 8 ( t h e  s a t i s f a c t i o n  w i t h  r e s u l t s  was Less), 

F i g u r e  9  p r e s e n t s  t h e  d a t a  from Table  5  i n  a n o t h e r  p e r s p e c t i v e ,  

Assuming some compensatory s c a l e  t h a t  p e r m i t s  t r a d e - o f f s  between quality 

of s o l u t i o n  and t i m e  used t o  o b t a i n  t h a t  s o l u t i o n ,  i t  i s  p o s s i b l e  t o  de- 

r i v e  a n o t h e r  measure of problemsolving e f f i c i e n c y .  I n  F i g .  9 ,  each 

s u b j e c t ' s  b e s t  s c o r e  i s  p l o t t e d  a g a i n s t  t h e  t i m e  h e  t o o k  t o  g e t  that 

s c o r e .  Diagonal  l i n e  A i n d i c a t e s  a  1:1 t r a d e - o f f  r e f e r e n c e  l i n e ;  line 

B r e p r e s e n t s  a  .75:1  t r ade-of f  r e f e r e n c e .  A l l  members o f  Group 5 a re  

on t h e  "more-e f f i c ien t"  s i d e  of b o t h  l i n e s .  The less s t r i n g e n t  refer- 

ence a l s o  i n c l u d e s  t h r e e  members of Group V, t h e  t o p  members of Groups 

C and 0,  and t h e  second member of Group 8. Again,  t h e  d a t a  s u g g e s t  t h a t  

t h e r e  is  some e f f i c i e n c y  i n  manpower, as w e l l  a s  machine t i m e ,  r e s u l t i n g  

from t h e  s h o r t  l o c k o u t  p e r i o d .  

F i g u r e s  8 and  9 a l s o  compare t h e  r e s u l t s  of a known, f i x e d  l o c k o u t  

t i m e  w i t h  v a r i a b l e  and unknown t imes  of e q u a l  average  d u r a t i o n .  The 

d a t a  appear  t o  f a v o r  t h e  known, f i x e d  i n t e r v a l  s l i g h t l y .  
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Fig .9 -Time to achieve best criterion score versus best criterion score 



I n t e r a c t i o n  P a t t e r n s  

F i g u r e  10 shows t h e  cumula t ive  number of t r i a l s  f o r  each of t h e  

f i v e  e x p e r i m e n t a l  groups .  The fo rced- lockout  c o n d i t i o n s  and t h e  s e l f -  

imposed c o n s t r a i n t  a l l  r e s u l t e d  i n  much lower i n t e r a c t i o n  r a t e s ;  the 

computer u t i l i z a t i o n  of t h e  c o n t r o l  group (Group 0 )  is two t o  t h r e e  

t imes  g r e a t e r  than  t h a t  of t h e  o t h e r  groups .  

F igure  11 shows t h e  cumula t ive  number o f  l i n e s  i n p u t  t o  JOSS f o r  

each of t h e  f i v e  groups .  The r a t e s  appear  t o  be  f a i r l y  c o n s t a n t ,  w i t h  

t h e  s l o p e s  b e i n g  less f o r  t h e  groups w i t h  f o r c e d  l o c k o u t .  As i n d i c a t e d  

e a r l i e r ,  t h e  volume of communication d i d  n o t  va ry  a s  much a s  d i d  t h e  

number of e v a l u a t i o n  c a l c u l a t i o n s  ( t r i a l s ) .  

Three  s u b j e c t s  ( t h e  two less -exper ienced  members of Group C and 

t h e  l e a s t  exper ienced  s u b j e c t  i n  Group 8) a t t empted  t o  w r i t e  complex 

d e c i s i o n  r u l e s .  As  a r e s u l t ,  t h e y  worked a  l o n g  t ime  b e f o r e  a t t e m p t i n g  

t h e i r  f i r s t  t r i a l  and performed few t o t a l  t r i a l s .  Such b e h a v i o r  could  

b e  i n t e r p r e t e d  i n  terms of t h e  Carbone l l  [ 5 ]  model as i n d i c a t i n g  "exces- 

s i v e  c o s t "  b e i n g  p l a c e d  on a computer t r i a l .  Other  d a t a  (from t h e  ob- 

s e r v e r ' s  r e p o r t )  s u g g e s t  t h a t  t h i s  i s  p r e c i s e l y  t h e  problem f a c e d  by 

t h e  Group 8 s u b j e c t  mentioned above. H e  would b e g i n  a  t r i a l ,  t h e n  s t o p ,  

commenting t h a t  i t  was n o t  a good enough hunch on which t o  "use up" one 

of h i s  l i m i t e d  number of t r i a l s .  I n  e f f e c t ,  h e  locked  h imse l f  o u t  o f  

t h e  sys tem w h i l e  s e a r c h i n g  f o r  a  b e t t e r  approach.  

F igure  12 compares t h e  p o s t - t r i a l  b e h a v i o r  of a l l  f i v e  groups .  It 

shows t h e  cumula t ive  p e r c e n t a g e  of each g roup ' s  t r ia ls  t h a t  were  f o l -  

lowed by keyboard a c t i v i t y  w i t h i n  a g iven  number of minu tes .  A s u b j e c t  

might o r  might n o t  use  t h e  keyboard a s  soon as i t  came under  h i s  con- 

t r o l ,  Of ten ,  however, a s u b j e c t  immediately u s i n g  t h e  sys tem would 

merely n o t e  a s i n g l e  datum, t h e n  t u r n  t o  o t h e r  work f o r  an  extended per-  

i o d  of t i m e  b e f o r e  a g a i n  i n t e r a c t i n g  w i t h  t h e  sys tem.  S u b j e c t s  w i t h  

f r e e  a c c e s s  tended t o  do t h i s  more f r e q u e n t l y  t h a n  d i d  t h o s e  s u b j e c t  t o  

l o c k o u t ;  t h e  l a t t e r  s u b s t i t u t e d  p e n c i l  and paper  f o r  t h i s  "memo pad" 

f u n c t i o n .  

F i g u r e  1 2  r e v e a l s  t h a t  members o f  Group 0  ( f r e e  use )  and Group C 

( c o n s e r v a t i v e  use )  o f t e n  would have been p reven ted  from i n t e r a c t i n g  w i t h  









t h e  sys tem had t h e y  been s u b j e c t  t o  f o r c e d  lockout .  Comparison o f  t h e  

graphs  f o r  Groups 0 and C shows t h a t  t h e  e f f e c t  of t h e  c h a r g i n g  a lgo-  

r i t h m  i n f l u e n c e d  n o t  on ly  number of t r ia ls  r u n ,  b u t  g e n e r a l  keyboard 

a c t i v i t y  as w e l l .  

I f  a s u b j e c t  i n  a lockout  group began t y p i n g  immediately f o l l o w i n g  

t h e  end of t h e  l o c k o u t ,  i t  might b e  i n f e r r e d  t h a t  t h e  l o c k o u t  was in -  

t e r f e r r i n g  p h y s i c a l l y  w i t h  h i s  problemsolving o p e r a t i o n s .  On t h e  o t h e r  

hand, i f  h e  d i d  n o t  b e g i n  t y p i n g  f o r  some minutes  a f t e r  t h e  end o f  t h e  

l o c k o u t ,  one might i n f e r  t h a t  t h e  p h y s i c a l  e f f e c t  o f  t h e  l o c k o u t  was 

n o t  as s i g n i f i c a n t .  However, t h e  absence o f  p s y c h o l o g i c a l  p r e s s u r e s  

must n o t  b e  presumed; t h e  s u b j e c t  c o u l d  s t i l l  b e  o p e r a t i n g  i n  a  manner 

other t h a n  h i s  p r e f e r r e d  s t y l e .  

The d i f f e r e n c e s  i n  t h e  i n t e r t r i a l  i n t e r v a l s  f o r  t h e  f i v e  groups 

can b e  s e e n  i n  F ig .  13.  The graphs  show t h e  cumula t ive  p e r c e n t a g e  of 

t o t a l  t r ials t h a t  occur red  w i t h i n  t h e  i n d i c a t e d  number of minutes  a f t e r  

the p r e c e d i n g  t r i a l .  E igh ty  p e r c e n t  of t h e  i n t e r t r i a l  i n t e r v a l s  were  

within 6 min f o r  Group 0 ,  1 3  min f o r  Group C ,  14.5 min f o r  Group V ,  16  

m i n  f o r  Group 5 ,  and 1 8  min f o r  Group 8. Times s o  d i f f e r e n t  from t h a t  

of t h e  c o n t r o l  group s u g g e s t  t h a t  something more t h a n  de layed  p h y s i c a l  

a c c e s s  w a s  invo lved .  

The r e s u l t s  o f  t h e  e x p e r i m e n t a l  p o r t i o n  o f  t h e  s t u d y  s u g g e s t  t h a t  

short p e r i o d s  of f o r c e d  l o c k o u t  between s u c c e s s i v e  t r i a l s  can b o t h  in-  

c r e a s e  problemsolving e f f e c t i v e n e s s  and r e d u c e  t h e  amount of computer 

t i m e  and u s e r  t i m e  expended. Longer p e r i o d s  of l o c k o u t  may reduce  t h e  

e f f e c t i v e n e s s  o f  more-experienced u s e r s .  With exper ienced  u s e r s ,  a  

se l f - imposed c o n s t r a i n t ,  s u c h  a s  t h a t  r e s u l t i n g  from a r e s t r i c t i v e  

c h a r g i n g  a l g o r i t h m ,  can d e c r e a s e  machine t i m e  w i t h o u t  reduc ing  problem- 

solving e f f e c t i v e n e s s .  Comparisons of f i x e d  v e r s u s  v a r i a b l e  l o c k o u t  

i n t e r v a l s  o f  s i m i l a r  average  d u r a t i o n  t end  t o  f a v o r  t h e  f i x e d - i n t e r v a l  

c o n d i t i o n s .  





EXPLORATORY ANALYSES 

To i d e n t i f y  f a c t o r s  t o  b e  i n c l u d e d  i n  t h e  d e s i g n  of subsequen t  ex- 

pe r iments ,  s e v e r a l  o t h e r  e x p l o r a t o r y  a n a l y s e s  were  c a r r i e d  o u t  u s i n g  

t he  o b t a i n e d  performance measures.  Tab le  6 p r e s e n t s  t h e  r e s u l t s  o f  a  

s t e p w i s e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  ( s e e  Dixon [ l o ] )  t o  p r e d i c t  t h e  * 
c r i t e r i o n  s c o r e  ( v a l u e  of b e s t  s o l u t i o n )  from 32 o t h e r  measures .  The 

d e t a i l e d  r e g r e s s i o n  i n f o r m a t i o n  is p r e s e n t e d  f o r  t h e  s t e p  u s i n g  seven  

p r e d i c t o r  v a r i a b l e s  t h a t  accounted f o r  90 p e r c e n t  of t h e  t o t a l  v a r i a n c e  

of the c r i t e r i o n  s c o r e s .  

The v a r i a b l e  l a b e l s  c i t e d  i n  t h e  summary t a b l e  p o r t i o n  o f  Tab le  6 

have t h e  f o l l o w i n g  i d e n t i f i c a t i o n s  : 

o EXPER: Exper ience  s c o r e  o f  t h e  s u b j e c t  on an a r b i t r a r y  

s c a l e  from 60 t o  9 8 ,  w i t h  98  b e i n g  t h e  h i g h e s t .  

o M/NONM: The r a t i o  of t ime  s p e n t  i n  machine-re la ted a c t i v -  

i t i e s  t o  t i m e  s p e n t  i n  nonmachine-related a c t i v i -  

t i e s  . 
o ANNOTE: The r e l a t i v e  amount o f  a n n o t a t i o n  done by t h e  sub- 

j e c t  on p r i n t o u t s  and maps. 

o Z CHGS: The number of t r ia ls  on which d e c i s i o n  r u l e s  were  

changed. 

o IORAT: The r a t i o  of JOSS l i n e s  i n p u t  t o  JOSS l i n e s  o u t p u t .  

o 12+13: Number of maps and s h e e t s  of s c r a t c h  paper  used.  

o TOTJOS : The t o t a l  number o f  JOSS l i n e s  typed.  

o XYTRYS: The t o t a l  number of h o s p i t a l  l o c a t i o n s  t r i e d .  

* 
Other  measures i n c l u d e d  t ime  t o  o b t a i n  b e s t  s c o r e ,  t r ia ls  t o  b e s t  

score, t o t a l  t r ia l s ,  JOSS l i n e s  i n ,  JOSS l i n e s  o u t ,  t ime  d e l a y  t o  f i r s t  
t r i a l ,  number of m a t r i c e s  p r i n t e d ,  number of maps u s e d ,  number of 
s c r a t c h  s h e e t s  used,  number of h o s p i t a l  l o c a t i o n s  p l o t t e d  on maps, num- 
b e r  of  t r ia ls  on which h o s p i t a l  l o c a t i o n s  were  changed, t o t a l  number of 
input e r r o r s  made, i n t e r t r i a l  i n t e r v a l s  ( R E )  , l o c k o u t  i n t e r v a l s  (0 ,  5 ,  
o r  $1, t ime  used f o r  machine-re la ted work, and t o t a l  t ime  used.  The re -  
maining measures were  f u n c t i o n s  o r  combinat ions  of t h e  measures n o t e d .  



T a b l e  6 

MULTIPLE REGRESSION ANALYSIS PREDICTING 

SCORE ON CRITERION (N=20) 

Step  Number: 9 
Variable  Entered:  23 
Mult ip le  R: 0.9655 
Standard Error  of Est imate:  0.0396 

Analysis  of Variance 

Var iables  i n  Equation 

Step  
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Number Vari- 
ab l e s  Used 

1 
2 
3 
4 
5 
6 
5 
6 
7 

Summary Table 

R Squared 
(Corrected) 

0.2894 
0 .3943 
0.5635 
0.6663 
0.7579 
0.8692 
0.8776 
0.8879 
0.9009 

F t o  Enter 
o r  Remove 

7.3314 
4 . 0 5 9 0  
7 . 5 1 1 2  
5 , 8 4 8 3  
6.5733 

12 .7751  
0 . 0 2 9 8  
2.2000 
2 .4173 



Of t h e  r e l a t i o n s h i p s  i n d i c a t e d ,  some may b e  t r i v i a l  o r  s p u r i o u s ,  

and, of course ,  c o r r e l a t i o n  does n o t  imply c a u s a t i o n .  Any a t t e m p t  t o  

attach o p e r a t i o n a l  s i g n i f i c a n c e  t o  t h e s e  r e s u l t s  would b e  p u r e  specu la -  

tion w i t h o u t  subsequen t  exper imenta l  t e s t i n g .  For example, i f  i t  were  

found t h a t  t h o s e  who d i d  w e l l  on t h e  problem a l s o  s c o r e d  low on f a c t o r  X ,  

it would n o t  n e c e s s a r i l y  f o l l o w  t h a t  r educ ing  X would l e a d  t o  b e t t e r  op- 

e r a t i o n s .  I n  f a c t ,  t h e  o p p o s i t e  may b e  t rue - - i . e . ,  more X may b e  needed,  

because  i t  i s  u s e f u l  t o  t h o s e  hav ing  d i f f i c u l t y  s o l v i n g  a  problem. 

The e q u a t i o n  d e r i v e d  i n  t h e  p r e c e d i n g  a n a l y s i s  d i d  n o t  i n c l u d e  t h e  

crude l o c k o u t  measure o r  i t s  squared  v a l u e .  Although t h e i r  "F t o  en- 

t e r D P  w a s  r e l a t i v e l y  h i g h  from s t e p  2 t o  s t e p  6 i n  t h e  a n a l y s i s ,  n e i t h e r  

was t h e  "h ighes t "  v a r i a b l e ,  t h e  one e n t e r e d  i n t o  t h e  e q u a t i o n .  The ad- 

dition of  v a r i a b l e  1 7  ( c o r r e l a t e d  .69 and .77 w i t h  t h e  l o c k o u t  measures) * 
i n  s t e p  6 g r e a t l y  reduced t h e i r  p r o b a b i l i t y  f o r  subsequen t  s e l e c t i o n .  

SUBJECTS' EVALUATIONS - -- 

A d d i t i o n a l  d a t a  were  gleaned from t h e  p o s t - t e s t  q u e s t i o n n a i r e s  and 

the o b s e r v e r  r e p o r t s .  The s t u d y  r e v e a l e d  s e v e r a l  weaknesses i n  t h e  

g e n e r a l  method of p o s t - t e s t  r e c o n s t r u c t i o n  by s u b j e c t s  o f  what they  

thought  o r  what they d i d .  Complaints made d u r i n g  t h e  problem s e s s i o n s  

were n o t  n e c e s s a r i l y  r e p e a t e d  i n  t h e  p o s t - t e s t  q u e s t i o n  s e s s i o n s .  Ap- 

proaches  d e s c r i b e d  i n  t h e  p o s t - t e s t  q u e s t i o n n a i r e  as " i n i t i a l  approach" 

were mor? o f t e n  approaches  t h a t  had been adopted l a te r ,  a f t e r  one o r  

more o t h e r  approaches  proved u n s u c c e s s f u l .  Key i n s i g h t s  t h a t  were  ver-  

balized and used i n  s o l v i n g  t h e  problem were  e i t h e r  n o t  r e c a l l e d  o r  n o t  

remembered as i m p o r t a n t .  Even t h e  a u d i o  r e c o r d i n g s  were  o c c a s i o n a l l y  

found t o  b e  a t  odds w i t h  r e a l i t y ;  a  s u b j e c t  might announce h i s  i n t e n -  

t i o n  t o  do one t h i n g ,  t h e n  change h i s  mind and do a n o t h e r  w i t h o u t  ver-  

b a l i z i n g  t h e  new i n t e n t i o n .  

Three  o f  t h e  i t e m s  d e r i v e d  from t h e  n a r r a t i v e  d a t a  are summarized 

below. 

Ji: 
To o b t a i n  a d d i t i o n a l  d a t a  on t h e  r e l a t i o n s h i p s  between the lock-  

o u t  v a r i a b l e s  and t h e  o t h e r  v a r i a b l e s ,  t h e  a n a l y s i s  was r u n  a g a i n  w i t h  
the l o c k o u t  v a r i a b l e s  f o r c e d  i n t o  t h e  r e g r e s s i o n  e q u a t i o n .  T h e i r  co- 
e f f i c i e n t s  were  reduced s i g n i f i c a n t l y  by t h e  s u c c e s s i v e  a d d i t i o n  o f  
(a) t o t a l  t r i a l s ,  (b) r a t i o  of machine a c t i v i t y  t o  nonmachine a c t i v i t y ,  
(c) i n p u t  e r r o r s ,  and (d) i n t e r t r i a l  i n t e r v a l s .  



Evaluat ion of the  Problem 

F i f t e e n  s u b j e c t s  responded very p o s i t i v e l y  t o  t he  problem; t h r e e  

o the r s  thought i t  was " f a i r l y  i n t e r e s t i n g " ;  and two were even less pos- 

i t i v e .  The la t ter- two were t h e  s u b j e c t s  w i th  the  n i n t h  b e s t  s o l u t i o n  

and t h e  b e s t  s o l u t i o n .  

E f f e c t  of Lockout 

I n  response t o  a  genera l  ques t ion  about system c h a r a c t e r i s t i c s ,  

n ine  of t h e  twelve s u b j e c t s  who experienced forced lockout  complained 

t h a t  i t  i n t e r f e r e d  wi th  t h e i r  problemsolving procedures .  Two of the  

t h r e e  remaining s u b j e c t s  had complained about t he  forced lockout  orally 

whi le  they were working on the  problem. The l a s t  s u b j e c t  made no verbal  

complaints ,  b u t  was observed a t tempt ing  t o  type on a  locked keyboard, 

S ix  of the  s u b j e c t s  who complained about t h e  lockout ranked i n  the to]:, 

e i g h t  on the  c r i t e r i o n  measure; ev iden t ly  s a t i s f a c t i o n  w i t h  t h e  system 

was not  p r e r e q u i s i t e  t o  success .  

I n  a d d i t i o n  t o  t he  genera l  complaints,  t h e  s u b j e c t s  made some 

thought-provoking comments: 

o  " I 'd  do b e t t e r  i f  I d id  more t r i a l  and e r r o r ,  b u t  I d i d n ' t  

t h ink  i t  was worth it." (Group 5) 

o "Without lockout ,  I would t r y  many more examples without  

t oo  much thought ." (Group V) 

o "I used the  t i m e  t o  p lan  t h e  next  move; it bothered me 

only a t  t he  end." (Group 5) 

o "It helped my planning; I used the  time more wise ly .  But 

i t  i n t e r f e r e d  wi th  my ope ra t ions ,  e s p e c i a l l y  a t  t h e  end." 

(Group 5) 

o "It had one p o s i t i v e  e f f e c t - - i t  gave me time t o  check my 

work. " (Group V) 

Of p a r t i c u l a r  i n t e r e s t  i s  the  impl ica t ion  t h a t  lockout  permits a 

more c a r e f u l ,  thought fu l  approach. These comments and some of t h e  op- 

e r a t i o n a l  d a t a  suggest  t h a t  some people f e e l  compelled t o  i n t e r a c t  wi th  

a  system i f  i t  i s  a v a i l a b l e .  



S u b j e c t i v e  Time E s t i m a t e s  

A comparison o f  d a t a  from t h e  o b s e r v e r  r e p o r t s  and JOSS r e c o r d s  

with estimates g i v e n  by t h e  s u b j e c t s  i n  t h e  p o s t - t e s t  q u e s t i o n n a i r e s  

i n d i c a t e d  t h a t ,  f o r  some s u b j e c t s ,  p e r c e i v e d  t i m e  d i f f e r e d  g r e a t l y  from 

a c c u a l  t ime s p e n t  i n  v a r i o u s  a c t i v i t i e s .  For example ,  i n  e s t i m a t i n g  

t i m e  s p e n t  w a i t i n g  f o r  computer o u t p u t ,  s e v e n  of t h e  twenty s u b j e c t s  

o v e r e s t i m a t e d  t h e  t ime and t h r e e  u n d e r e s t i m a t e d  i t  by 50 p e r c e n t  o r  

more, Of t h o s e  o v e r e s t i m a t i n g ,  one was o f f  by  a  f a c t o r  of 1 0 ,  one  by 

a f a c t o r  of  4 ,  and t h r e e  by a  f a c t o r  of  2 .  Of t h o s e  u n d e r e s t i m a t i n g ,  

one was o f f  by  a  f a c t o r  of 2 .5  and two were o f f  by a  f a c t o r  o f  2 .  There  

was no r e l a t i o n s h i p  between e r r o r  o f  e s t i m a t e  and group membership o r  

c r i t e r i o n  s c o r e .  



I V .  IMPLICATIONS FOR FUTURE WORK 

The s t a t e m e n t  of exper imenta l  hypo theses  o r  b e h a v i o r a l  t h e o r i e s  

b e a r i n g  on t h e  man-machine-problem i n t e r f a c e  is h i n d e r e d  by t h e  absence 

of a  common r u b r i c  f o r  d i s c u s s i n g  t h e  t h r e e  s u b a r e a s .  Work on human 

problemsolving,  c r e a t i v i t y ,  and decis ionmaking t e n d s  t o  employ terms 

and concep ts  d e r i v e d  from e a r l y  l e a r n i n g  t h e o r y .  S t u d i e s  o r  d e s c r i p -  

t i o n s  of machine c a p a b i l i t i e s  and c h a r a c t e r i s t i c s  a r e  couched i n  terms 

s p e c i f i c  t o  a  p a r t i c u l a r  machine c o n t e x t .  Schema f o r  a n a l y z i n g  prob- 

lems--for s p e c i f y i n g  t h e  c h a r a c t e r i s t i c s  t h a t  d i f f e r e n t i a t e  problems-- 

a r e  b o t h  r a r e  and l a c k i n g  i n  power. U n t i l  problems, p rob lemsolvers ,  

and problemsolving d e v i c e s  can b e  d e s c r i b e d  i n  a  common r e f e r e n c e  sys -  

tem, i n s i g h t s  on t h e  n a t u r e  o f  t h e i r  i n t e r a c t i o n s  w i l l  remain s c a r c e .  

NOR.IAT IVE ASPECTS 

The method used i n  t h e  p r e s e n t  s t u d y  t o  a s s e s s  s u b j e c t s '  exper i -  

e n c e l c a p a b i l i t y  appeared t o  b e  v a l i d  and adequa te  f o r  g e n e r a l  s t u d i e s  

of sys tem e f f e c t i v e n e s s ,  b u t  i t  lacked  t h e  o b j e c t i v i t y  needed f o r  rep-  

l i c a t i o n  and t h e  l e v e l  of d e t a i l  needed f o r  a n a l y s i s .  A f i n e r - g r a i n  

measurement of b o t h  c a p a b i l i t i e s  and performance might uncover some 

impor tan t  r e l a t i o n s h i p s .  

The r e s u l t s  of t h e  s t u d y ,  t o g e t h e r  w i t h  o b s e r v a t i o n s  made d u r i n g  

and a f t e r  t h e  problem s e s s i o n s ,  s u g g e s t  t h a t  t h e  normat ive  d a t a  shou ld  

b e  extended t o  i n c l u d e  measures of p e r s o n a l i t y  f a c t o r s  and a t t i t u d e s ,  

i n  a d d i t i o n  t o  problemsolving c a p a b i l i t y .  A s u f f i c i e n t l y  broad d a t a  

b a s e  cou ld  y i e l d  r e s u l t s  b e a r i n g  on s e l e c t i o n  and t r a i n i n g  of p e r s o n n e l ,  

a s  w e l l  a s  on computer sys tem des ign .  

METHODOLOGICAL ASPECTS 

To o b t a i n  e m p i r i c a l  s t a t i s t i c s  on l e a d i n g  paramete rs  o f  u s e r  per-  

formance, i t  is  n e c e s s a r y  f i r s t  t o  i d e n t i f y  t h o s e  pa ramete rs .  I n  

s e a r c h i n g  f o r  a  more e f f e c t i v e  model of t h e  problemsolving s i t u a t i o n ,  

i t  may b e  n e c e s s a r y  t o  fo rego  some of t h e  l u x u r i e s  of ' h e a t "  b e h a v i o r a l  



exper imenta t ion .  N a r r a t i v e  d a t a  from t r a i n e d  o r  p a r t i a l l y  t r a i n e d  

s u b j e c t s  could  p r o v i d e  impor tan t  c l u e s  f o r  g u i d i n g  f u t u r e  g a t h e r i n g  of 

o b j e c t i v e  d a t a .  

I n  performing t h e  s t u d y  d e s c r i b e d  h e r e ,  we exper ienced  many of t h e  

d i f f i c u l t i e s  i n h e r e n t  i n  a t t e m p t i n g  t o  s e c u r e  real-time i n t r o s p e c t i v e  

d a t a  on t h e  problemsolving p r o c e s s  and i n  h a v i n g  an  o b s e r v e r  i n t e r a c t ,  

within bounds, w i t h  t h e  s u b j e c t s .  P r i o r  t r a i n i n g  o f  t h e  s u b j e c t s  could  

minimize t h e  con tamina t ion  of t h e s e  f r u i t f u l  s o u r c e s  o f  d a t a .  

Another s o u r c e  o f  d i f f i c u l t y  i n  t h i s  s t u d y  was l a c k  of c o n t r o l  

over t h e  machine sys tem.  Dedica t ing  t h e  e n t i r e  sys tem t o  t h e  s t u d y  

would i n c r e a s e  e x p e r i m e n t a l  r i g o r ,  b u t  a more p r a c t i c a l  a l t e r n a t i v e  may 

b e  a v a i l a b l e .  S i m i l a r l y ,  g r e a t e r  advan tage  could  be  t a k e n  of t h e  com- 

p u t e r  s y s t e m ' s  c a p a b i l i t y  f o r  a u t o m a t i c a l l y  g e n e r a t i n g  and p r o c e s s i n g  

data compi la t ions  of i n t e r e s t .  (For example, i t  would b e  easy  t o  eva l -  

u a t e  every  d e c i s i o n  r u l e  and every  s e t  o f  h o s p i t a l  l o c a t i o n s  r e l a t i v e  

$0 optimum s t a n d a r d s  .) 

The p r e s e n t  s t u d y  s u f f e r e d  from n e c e s s a r y  l i m i t a t i o n s  i n  s i z e  and 

scope .  I n s i g h t s  a r e  g e n e r a t e d  by c o n c a t e n a t i o n s  of e v e n t s ;  i t  i s  hoped 

t h a t  our f u t u r e  s t u d i e s  i n  t h i s  domain w i l l  i n c l u d e  more t h a n  one t y p e  

of problem t o  b e  s o l v e d ,  more t h a n  one t y p e  of t e r m i n a l  equipment ,  more 

than one t y p e  of work environment,  and a b r o a d e r  range  of t ime  v a r i a -  

b l e s ,  ( A f t e r  s e e i n g  t h e  d a t a ,  we lamented t h e  e l i m i n a t i o n  of t h e  o r i g -  

i n a l l y  planned 1-min and 2-min l o c k o u t s  .) 

For t h e  p r e s e n t ,  one can on ly  s p e c u l a t e  about  t h e  i n t e r r e l a t i o n -  

s h i p s  between d i f f e r e n t  t y p e s  of problems and d i f f e r e n t  t y p e s  of termi-  

nal equipment,  about  t h e  advantages  and d i sadvan tages  of p u b l i c  and 

i s o l a t e d  work areas, and whether  o r  n o t  l o c k o u t  times c l o s e  t o  t h e  av- 

erage u n r e s t r i c t e d  response  t i m e s  would produce t h e  b e n e f i c i a l  e f f e c t s  

a s s o c i a t e d  w i t h  t h e  5-min i n t e r v a l .  It is p o s s i b l e  t h a t  even a v e r y  

s h o r t  i n t e r r u p t i o n  o f  n o t i c e a b l e  d u r a t i o n  would promote more p r o d u c t i v e  

and e f f i c i e n t  man-machine i n t e r a c t i o n .  
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V. CONCLUDING REMARKS 

The r e s u l t s  o f  t h i s  e x p l o r a t o r y  s t u d y  r a i s e  some i n t e r e s t i n g  ques- 

t i o n s  r e g a r d i n g  popula r  b e l i e f s  about  t h e  domain of man-machine problen- 

s o l v i n g .  The ev idence  s u g g e s t s  t h a t ,  i n  t h i s  exper imenta l  c o n t e x t  at 

l e a s t ,  u s e r s  are d i s s a t i s f i e d  by a mi ld  r e s t r a i n t  on t h e i r  f r e e  i n t e r -  

a c t i o n  w i t h  t h e  computer. However, t h e y  a l s o  t end  t o  s o l v e  problems 

more e f f e c t i v e l y ,  u s i n g  l e s s  computer t ime  and less of t h e i r  own time 

i n  t h e  p r o c e s s .  One might b e g i n  t o  s u s p e c t  t h a t  s h i b b o l e t h s  such  as 
t 1 f a s t e r  i s  b e t t e r "  and "more computer t i m e  means l e s s  human t i m e "  may 

s e r v e  t h e  computer sa lesman b e t t e r  t h a n  t h e  consumer. The r e s u l t s  a l s o  

c h a l l e n g e  t h e  v a l i d i t y  of u s e r  accep tance  a s  a g e n e r a l  i n d e x  of sys tem 

e f f e c t i v e n e s s .  The u s e r  may want what inconven iences  him least i n  the 

s h o r t  r u n ,  o r  h e  may want something h e  h a s  been l e d  t o  b e l i e v e  that he 

should want ,  b u t  t h e  g e n e r a l  e f f i c a c y  of such  d e s i r e s  is u n c l e a r .  

D e f i n i t i v e  answers t o  q u e s t i o n s  r e g a r d i n g  t h e  n a t u r e  o f  r e l e v a n t  

parameters  o f  problemsolving systems a r e  of more t h a n  academic v a l u e .  

For example, under  some c i r c u m s t a n c e s ,  a n  o r g a n i z a t i o n  under  p r e s s u r e  

t o  expand i t s  hardware  i n v e n t o r y  t o  meet i n c r e a s e d  demand might f i n d  i t  

f a r  more p r o d u c t i v e  t o  keep  i t s  c u r r e n t  sys tem and i n t r o d u c e  some form 

o f  c o n s t r a i n t  ( e .g . ,  a n  a c c o u n t i n g  o r  c o n t r o l  system) t h a t  w i l l  encour- 

age  more j u d i c i o u s  and c r e a t i v e  u s e  of t h e  e x i s t i n g  computa t iona l  capa- 

b i l i t i e s .  However, w i t h o u t  more i n f o r m a t i o n  and a more complete under- 

s t a n d i n g ,  i t  would b e  a  m i s t a k e  t o  d e s i g n a t e  e i t h e r  approach as the 

" r i g h t "  one.  The p r e s e n t  work c l e a r l y  demons t ra tes  t h a t  t h e  r e l a t l o n -  

s h i p s  invo lved  i n  man-machine problemsolving are n e i t h e r  obvious  nor 

s i m p l e  and t h a t  f u r t h e r  i n v e s t i g a t i o n  could  have p r a c t i c a l  s i g n i f i c a n c e .  
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